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PROBLEM TO BE SOLVED: To obtain the subject I % I 3 

R — S i— 10 — Si) — R 

material having both stress-reducing properties giving 1 | | n ' 1 

durability to thermal. stress and reworkability by c H 3 c H 3 

incorporating an epoxy resin in a liquid state at normal 
temperature, which contains a specific epoxy resin in a 

specific content, with a curing agent and an inorganic ^ 1/ 2 2 3 ^ 
filler. 0 
SOLUTION: This material is obtained by containing (A) 
an epoxy resin i n a liquid state at normal temperature 

with pref. a viscosity of <500PA.s at 25°C which includes / 2 \ 2 2 

5-30wt.% of an epoxy resin of formula I [(n)=4(m)+1 ; (m) ^ H 2 ^ H 2 m 

is an integer of >0; R1 is a group of formula II or formula C H - C H 

III] based on the whole epoxy resins and in which the ^ o ^ 3 ( M 

epoxy resin of the formula I [(m)>1] is included in the 
I - content range of 10-60wt.% based on the whole epoxy resins of the formula I, (B) a curing 
|fOV^^gent (e.g. bisphenol A) and (C) a s pherical inorganic fille r (pref. silica with an average ^ 
ic4 diameter of <10|im and the maximum diameter of <30(im, etc.). It is possible to remarkably 

increase both reworkability and reliability of a flip chip mounting-type semiconductor using an 

organic printed wiring board by applying the resultant material. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the liquefied impregnation closure under-filling 
ingredient used for the impregnation closure of a semi-conductor excellent in low stress nature and 
reworkability. 
[0002] 

[Description of the Prior Art] With the densification of IC chip, and high integration, wiring is short and 
the package gestalt of the object for high frequency and the flip mounting method suitable for many pin- 
ization is increasing. Since this mounting can carry out direct loading of the chip in the magnitude of a 
chip size mostly at a printed circuit board, small, a light weight, and thin shape-ization of it are attained. 
Although the mounting technology to the printed circuit board of a bare chip has been established, since 
there is variation of tolerance of the chip and substrate by thermal expansion, the restoration 
reinforcement by the impregnation closure under-filling ingredient is needed. Although the liquefied 
closure ingredient was used for this flip mounting mold semi-conductor closure, since it was not enough 
in respect of dependability compared with the hermetic seal mold by the ceramics, the spread of plastic 
packages was behind. As a cause of a dependability fall of a flip mounting mold semi-conductor, 
moisture invades from the open air through (1) impregnation closure under-filling ingredient. 

(2) Moisture invades from an organic wiring substrate. 

(3) An impurity invades from a solder bump. 

(4) In case an impregnation closure under-filling ingredient is made to flow into a package under an 
atmospheric pressure, air bubbles arise, and when heat stress is added, a crack occurs. 

(5) Since line coefficients of thermal expansion with a closure ingredient, a semiconductor chip, an 
organic substrate, and a solder bump differ, when heat stress is added, exfoliation arises in an interface. 
Thereby, the mechanical damage to a chip occurs in the invasion list of moisture. 

** is mentioned. The above problem must be cleared on the occasion of utilization of a liquefied 
impregnation closure under-filling ingredient. Furthermore, it is expected that said flip chip mounting 
mold will increase from now on to the so-called application of the multi chip module (MCM) of the type 
which mounted two or more chips on one substrate. In MCM, when a defect is discovered after an 
under-filling resin seal, it may heat more than the melting point of a connection ingredient (solder), a 
chip may be removed (rework), and it may re-mount. Generally, even the adhesion over the chip and the 
organic substrate in an operating temperature field falls, and the problem of the above (5) becomes easy 
to generate an impregnation closure under-filling ingredient with easier removal highly [ reworkability ]. 

[0003] 

[Problem(s) to be Solved by the Invention] Made in order that this invention may solve the above- 
mentioned problem of the conventional impregnation closure under-filling ingredient, the place made 
into the purpose is to offer the impregnation closure under-filling ingredient which combines the low 
stress nature which can bear heat stress, and reworkability. 
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[0004] 

[Means for Solving the Problem] The epoxy resin which this invention consists of a liquefied e_ox_ 
r esinra-euring ag ent, and a sphe rical inorganic filler in ordinary temperature, and the epoxy resin with 
which an epoxy resin is ShAwn^y the lormula (1) in [ all ] an epoxy resin contains 30% of the weight 
from 5 % of the weight, and is shown by the formula (1) is a liquefied impregnation closure under- 
filling ingredient characterized by m= 1 or more components containing 60% of the weight from 10 % 
of the weight at least. 
[0005] 



n-4m+1 ( m It 0 &L J:<0»« ) 
R 1 : CH 2 -CHCH 2 0(C H 2 } 3~ 
O 

i ft li" 

C H 0 -C H - C H„-C H 0 ~ 
/ 2 \ 2 2 

C Ho C H 0 

\ 2 / 2 
C H - C H 
\ / 
O 

[0006] The reworkability and dependability of the flip chip mounting mold semi-conductor using an 

organic printed-circuit board can be sharply raised by using this ingredient. 

[0007] 

[Embodiment of the Invention] m= 1 or more components contain at least the epoxy resin which the 
epoxy resin shown by the formula (1) in [ all ] an epoxy resin contains a liquefied epoxy resin 30% of 
the weight from 5 % of the weight in the ordinary temperature used for this invention, and is shown by 
the formula (1) 60% of the weight from 10 % of the weight. Although adhesive strength is strong at 5 or 
less % of the weight, and the epoxy resin shown by the formula ( 1 ) in [ all ] an epoxy resin here does not 
discover reworkability but shows low stress nature at 30 % of the weight or more, an adhesive property 
falls remarkably. Moreover, if contained more mostly [ when m= 1 or more components contained in the 
epoxy resin shown by the formula (1) are less than 10 % of the weight ] than 60 % of the weight which 
reworkability does not discover, bleeding will happen and an adhesive property will fall remarkably. 
Bleeding can also be suppressed by denaturalizing beforehand in the case of the latter (for example, 
phenols etc.), and making compatibility high. As for an epoxy resin component, it is desirable that the 
viscosity in 25 degrees C is 500 or less PA-s. If the viscosity of an epoxy resin component is higher than 
500 Pa-s, in case the viscosity of a constituent will become high and will carry out flow impregnation of 
the under-filling ingredient of a under [ a flip chip mounting mold package ], air bubbles are involved in, 
or it becomes easy to generate the restoration good to a corner edge, leads to a dependability fall, and is 
not desirable. 

[0008] In the case of a liquefied epoxy resin, in the measurement of viscosity of an epoxy resin, it 
measures in 25-degreeC with East Machine Industry and a ** E mold viscometer, and a Brookfield 
viscometer at a room temperature. Although it is not the object which will be limited especially if it is 
with the epoxy resin which satisfies this requirement As resin other than the epoxy resin shown by the 
formula (1), for example, bisphenol A, By the poly glycidyl ether obtained at the reaction of Bisphenol 




I 3 
R S i- (O 




( 1 ) 



C H 



C H 
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F, a phenol novolak, and epichlorohydrin, the object of ordinary temperature, Vinylcyclohexene dioxide, 
dicyclopentadiene oxide, Alicyclic epoxy like ant cyclic diepoxy-horse mackerel PEIDO, and also n- 
butyl glycidyl ether, There is a thing like parser tick acid glycidyl ester, styrene oxide phenyl glycidyl 
ether, buthylphenyl glycidyl ether, the KUREGURISHIJIRU ether, and dicyclopentadiene diepoxide 
usually used as dilution material of an epoxy resin. These do not interfere, even if it mixes, even when it 
is independent. Moreover, in order to obtain the liquefied impregnation closure under-filling ingredient 
which was excellent in dependability, the fewest possible things of ionicity impurities, such as Na+ and 
C1-, are desirable [ the epoxy resin which is equal to use ]. 

[0009] Although it will not be limited especially if the curing agent used for this invention does not 
influence the dependability as a flip chip, pot life, and liquefied resin viscosity, what has active 
hydrogen in intramolecular is desirable, as the example - phenols (for example, bisphenol A and 
Bisphenol F --) Bisphenol A P, Bisphenol S, Bisphenol Z, dimethyl bisphenol A, The dimethyl 
bisphenol F, tetramethyl bisphenol A, the tetramethyl bisphenol F Biphenol, tetramethyl biphenol, 
dihydroxy diphenyl ether, A dihydroxy benzophenone, an o-hydroxy phenol, an m-hydroxy phenol, 
Polyphenol, such as a p-hydroxy phenol, phenol novolak resin, and orthochromatic cresol novolak resin 
Tris phenols, such as a trihydroxy phenylmethane and a trihydroxy phenylmethane, primary amine, 
aromatic series polyamine, an imidazole, etc. are mentioned. These do not interfere, even if it mixes, 
even when it is independent. Moreover, in order to obtain the liquefied impregnation closure under- 
filling ingredient which was excellent in dependability, the fewest possible things of ionicity impurities, 

ja iplias Na+ and C1-, ^ edesirable [ the amine system curing agent which is equal to use J. 

nOOlOlJ As for the spherical inorganic filler used for this invention, it is desirable that the mean particle 
diariieter is [ 10 micrometers or less and a maximum grain size ] 30 micrometers or less. Although there 
are nitriding aluminum, an alumina, a silica, etc. in an inorganic filler, the field of heat leakage nature 
and cost to a silica particle is desirable, and it is more desirable if it is a low radiation. Although a 
configuration has the shape of a globular shape, the letter of crushing, and a flake etc., since reduction- 
ization of coefficient of linear expansion is attained by high restoration-ization of a filler, the shape of a 
ball is the best. The addition of a spherical inorganic filler has 50 - 80 desirable % of the weight to all 
constituents. When it is less than 50 % of the weight, the reduction effectiveness of an above-mentioned 

■C oefficient of linear expansion is small, and since the viscosity of the constituent obtained as a result 
will become high too much and flowability will get worse if 80 % of the weight is exceeded, it is not 
desirable. 

[001 1] The flowability of a liquefied impregnation closure under-filling ingredient is greatly dependent 
also on the particle size distribution of a filler. Generally distribution is large and a filler with a larger 
particle size has [ the viscosity of a constituent is low and ] a better fluidity, however, when the filler 
which contains a big particle size for the purpose of hypoviscosity-izing is used, particle size is big 
during hardening ~ filler sedimentation is carried out, the line coefficient of thermal expansion in a gap 
becomes uneven, and it is not desirable in respect of dependability. Moreover, the need that a liquefied 
impregnation closure under-filling ingredient flows the gap between an organic substrate and a chip 
(Stand OFF:25-150micrometer) to filler particle size must be smaller than Stand OFF. Conversely, since 
specific surface area will increase if particle size is too small, the fill of a filler cannot be made high. For 
satisfying the above requirements, mean particle diameter needs to be 0.5 micrometers to 10 
micrometers, and a maximum grain size needs to be a filler 30 micrometers or less. It is better for mean 
particle diameter to have used 3-9 micrometers, and for a maximum grain size to use the filler of particle 
size distribution 20 micrometers or less more preferably. Moreover, if there is a filler in the range of a 
claim, even if it will use independently, what was mixed and gave bimodality to particle size distribution 
does not interfere. 

[0012] Even if it uses additives, such as the catalyst for promoting other resin and reactions other than 
the aforementioned indispensable component if needed, a diluent, a pigment, a coupling agent, a flame 
retarder, a leveling agent, and a defoaming agent, it does not interfere with the liquefied impregnation 
closure under-filling ingredient of this invention. With 3 rolls, 2 hot calender rolls, and a vacuum mixer, 
a liquefied impregnation closure under-filling ingredient carries out distributed kneading, carries out 
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bottom degassing processing of a vacuum, and manufactures for example, each component, an additive, 

etc. 

[0013] 

[Example] An example explains this invention concretely. An example 1-7 and the example 1-7 of a 
comparison explain concretely. Weighing capacity was carried out according to the formula of Table 1 
and 2, with 3 rolls, distributed kneading was carried out, bottom degassing processing of a vacuum was 
carried out, the liquefied impregnation closure under-filling ingredient was produced, and the following 
characterization was performed. 

(1) The liquefied impregnation closure under-filling ingredient was applied to the front face which 
formed the solder resist (PSR[ by the solar ink company ]-4000/CA- 40) on the substrate made from 
bismaleimide-triazine (BT) resin as a bond strength-organic substrate, the silicon chip of a 2x2mm angle 
was loaded, it hardened in 150 degrees and 120 minutes, and adhesive strength was measured with the 
push pull gage at the time of the heat in 150 degrees and 250 degrees. 

(2) Trial made from low stress nature - Hardening closure of the 15x6x0.3mm (thickness) silicon chip 
was carried out in 150 degrees and 120 minutes like (1) at the organic substrate with a thickness of 
0.5mm, the maximum of the variation rate of the vertical direction was calculated using a surface 
roughness meter as a scale of low stress nature, and the longitudinal direction of a chip was made into 
the substitution property. 

(3) After making a liquefied impregnation closure under-filling ingredient pour into a flip chip mounting 
package for 5 minutes on the heating plate of -80 degrees C of restoration sex test, it hardened in oven at 
150 degrees C for 2 hours, and the semiconductor package was obtained. The restoration nature inside a 
package was checked with the supersonic detector (henceforth SAT). 

(4) Reliability trial - PCT processing (125 degree-C/2.3atm) and traveler's check processing (-65 degrees 
C / 30 minutes <- ->150 degree C / 30 minutes 400 cycles) were performed to the semiconductor 
package produced by (3), and exfoliation with a semiconductor chip and a printed circuit board interface 
and the existence of a crack were checked in SAT. 

(4) Evaluation trial of reworkability - The semiconductor package was produced like (3) and that to 
which closure resin remained what removed the chip after heating for 5 minutes, and exfoliated the 
semiconductor package completely on "fitness" and an organic substrate front face on the 250-degree C 
heating plate was made into the "defect. 11 The number of the flip chip mounting packages used for every 
evaluation is ten. In addition, a chip size is 15mm angle and the gap with a substrate is 100 micrometers 
(except for a low stress trial). 
[0014] 
[Table 1] 
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[0015] The numeric value of the column of a presentation of a table is the weight section. 

*1 Liquefied epoxy resin A : bisphenol female mold epoxy resin (equivalent 170) *2 Liquefied epoxy- 

resin B: It is thing (equivalent 181) *3 of n= 0 with the epoxy resin of a formula (1)- Liquefied epoxy - 

resin C: It is the epoxy resin of a formula (1) and is the thing (equivalent 329) of n= 1. 

*4 Liquefied epoxy resin D : it is thing (equivalent 477) *5 of n= 2 with the epoxy resin of a formula 

(1). The liquefied epoxy resin E:3 ? 4-epoxycyclohexyl methyl - 3\ 4-epoxy cyclohexane-carboxylic- 

acid ester (equivalent 126) 

*6 liquefied eooxv resin F : it is thing (equivalent 192) *7 of n= 0 with the cycloaliphatic epoxy resin of 
a formula (1). Liquefied epoxy -resin G: It is thing (equivalent 340) *8 of n= 1 with the cycloaliphatic 
epoxy resin of a formula (1). Curing agent : Alkylati on diamino diphenylmethane curing agent 
(equivalent 65) _=__^^ „ 

*9 Curing agent : Methyl hexahydrophthalic anhydride * 10 silica : It is mean-particle-diameter [ of 1.7 
micrometers ], and 8.0 micrometer *1 1 of maximum grain sizes silica at a synthetic spherical silica. : It 
is mean-particle-diameter [ of 4.9 micrometers ] 5 and 16 micrometer * 12 of maximum grain sizes silica 
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at a melting spherical silica. : It is mean-particle-diameter [ of 7.9 micrometers ], and 40 micrometer *13 
of maximum grain sizes silica at a melting spherical silica. : It is a melting spherical silica and they are 
the mean particle diameter of 0.3 micrometers, and 4.0 micrometers [0016] of maximum grain sizes, 
r jable 21 
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* 14 : About the examples 6 and 7 of a comparison, the reworkability trial is not carried out in a 
reliability -trial list for a fluid defect. 

[0017] In the example 1 of a comparison, since there are few epoxy resins of the formula (1) contained 
in [ all ] an epoxy resin, the bond strength in 200 degrees C is high, and inferior to reworkability. In the 
example 2 of a comparison, since the epoxy resin of the formula (1) contained in [ all ] an epoxy resin is 
superfluous, although it excels in low stress nature and reworkability, the bond strength in 150 degrees 
lacks in dependability low. In the epoxy resin shown by the formula (1), since there are few m= 1 or 
more components, the example 3 of a comparison has the high bond strength in 250 degrees C, and is 
inferior to reworkability. Since m= 1 or more components are superfluous, although low stress nature is 
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shown in the epoxy resin shown by the formula (1) in the examples 4 and 5 of a comparison, an 
adhesive property is low and is not in practical use level. In the example 6 of a comparison, since the 
maximum grain size of a filler is large, the fluidity to the gap of a package is bad. Since the example 7 of 
a comparison has the small mean particle diameter of a filler, its fluidity is bad at hyperviscosity. 
[0018] 

[Effect of the Invention] When the closure is performed using the liquefied impregnation closure under- 
filling ingredient of this invention, the high-reliability semiconductor package which shows the low 
stress nature which can bear heat stress can be obtained, and improvement in the yield is attained with 
the good reworkability, and the industrial merit of this invention is size. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The epoxy resin which it consists of a liquefied epoxy resin, a curing agent, and a spherical 

inorganic filler in ordinary temperature, and the epoxy resin with which an epoxy resin is shown by the 

formula (1) in [ all ] an epoxy resin contains 30% of the weight from 5 % of the weight, and is shown by 

the formula (1) is a liquefied impregnation closure under-filling ingredient characterized by m= 1 or 

more components containing 60% of the weight from 10 % of the weight at least. 

[Formula 1] 

CH, CH, 

I I 

R S i- (0 - S I) - R, ( 1 ) 

I I 
CH 3 CH 3 

(it*. n-4m+1 ( ml* 0 SMztoMM.) ' 
R j : C H 2 -C H C H 2 0 (C H 2 ) 3 - 
O 

t ft & 

C H,-C H -C H„- C H „~ 
/ 2 \ 2 2 

CH, CH, 
\ / L 

C H - C H 

\ / 
0 

[Claim 2] The liquefied impregnation closure under-filling ingredient according to claim 1 characterized 
by for the mean particle diameter of a spherical inorganic filler being 0.5 micrometers to 10 
micrometers, and a maximum grain size being 30 micrometers or less. 



[Translation done.] 
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